Abstract This article summarizes and quantifies the current evidence relating dietary intake of animal products and endometrial cancer. Literature searches were conducted to identify peer-reviewed manuscripts published up to December 2006. Twenty-two manuscripts from three cohort studies and 16 case-control studies were identified. One of these cohort studies evaluated only fried meat and another only milk consumption; they were not included in our meta-analyses. The third cohort study identified did not present exposure levels and could not be included in doseresponse meta-analysis. This cohort study did not show an association with meat or red meat consumption. Randomeffects dose-response summary estimates for case-control studies evaluating these foods were 1.26 (95% CI: 1.03-1.54) per 100 g/day of total meat, 1.51 (95% CI: 1.19-1.93) per 100 g/day of red meat, 1.03 (95% CI: 0.32-3.28) per 100 g/day of poultry, 1.04 (95% CI: 0.55-1.98) per 100 g/day of fish, and 0.97 (95% CI: 0.93-1.01) per serving of dairy. Our meta-analysis, based on casecontrol data, suggests that meat consumption, particularly red meat, increases endometrial cancer risk. The current literature does not support an association with dairy products, while the evidence is inconsistent for poultry, fish, and eggs. More studies, particularly prospective studies, are needed.
Introduction
Endometrial cancer is the most common female gynecological cancer in the United States, ranking fourth among all cancers in women in age-adjusted incidence [1] . Endometrial cancer is a model of hormonal carcinogenesis, with convincing evidence that most endometrial cancers are caused by excessive exposure to unopposed estrogens [2] . Although obesity is an established and strong risk factor for endometrial cancer [3] , the role of individual dietary factors is not well understood. There is evidence pointing to a possible role of meat consumption on cancer etiology. The WCRF/AICR 1997 Report [4] concluded that meat consumption was a ''probable'' cause of colorectal cancer and that it ''possibly'' increased the risk for cancers of the pancreas, breast, prostate, and kidney. Additional support for a relationship between meat intake and colorectal cancer was provided by a recent meta-analysis of 15 prospective studies [5] . However, the role of meat consumption on endometrial cancer risk has received little attention.
Since animal foods are known to contain estrogens at various concentrations [6] , conceivably they may affect endometrial cancer risk. Although the association between animal products and endometrial cancer was reviewed in the WCRF/AICR 1997 Report [4] , no judgment was possible for meat, fish, or eggs because the evidence was limited and inconsistent. No papers were identified for meat or dairy products. For fish, three case-control studies [7] [8] [9] were mentioned with inconsistent results. For eggs, three case-control studies were identified; two of them [7, 9] found elevated risk associated with higher egg consumption, whereas the third [8] reported similar mean egg consumption in cases and controls.
Commissioned by the WCRF, we conducted a systematic and comprehensive literature review of the nutritional epidemiology of endometrial cancer [10] . The purpose of this review was to enhance and update the previous 1997 review conducted for the First WCRF/ AICR Report on Food, Nutrition, and the Prevention of Cancer [4] . The objective of this article is to summarize the evidence from the epidemiologic literature examining the role of consumption of animal products (i.e., meat, poultry, fish, eggs, and dairy products) on endometrial cancer risk.
Methods
In general, we followed the methodology in the WCRF Specification Manual (available online at www.wcrf.org) to conduct the overall systematic literature review (SLR) and meta-analyses. More details in our methods can be found in our protocol posted at the WCRF website. The methods used in this article diverge from the WCRF instructions in the following aspects:
1. This systematic review and meta-analysis is limited to case-control and cohort studies. Randomized trials of animal foods intake and risk of endometrial cancer would have been included, but none exist. Ecological and cross-sectional studies were excluded. 2. Analyses were repeated excluding studies that did not meet certain a priori criteria (i.e., population-based studies with more than 200 cases, known hysterectomy status among controls, and adjustment for total energy intake and body mass).
Interpretation of the evidence may not represent the views of WCRF and may differ from those in the upcoming WCRF report summarizing evidence related to food, nutrition, physical activity, and cancer risk (expected November, 2007) . Results from the 2003 searches indicated that most citations were found in Medline and, therefore, some of the databases that did not produce any new results were not used in subsequent searches. These searches were complemented with manual searches of bibliographies in published papers. We made explicit efforts to include manuscripts in foreign languages. Translations were provided by WCRF when necessary. For this manuscript, we also monitored the literature using PubMed Alerts for all new papers on endometrial cancer from January through December 2006.
Exposure terms for PubMed were provided by WCRF and can be found in Appendix 1. General terms included diet [tiab] Following WCRF instructions, our searches included endometrial hyperplasia, as this includes precancerous lesions. However, we found few papers evaluating the role of diet and nutrition on endometrial hyperplasia, and none evaluated animal products. Outcomes search terms included: (1) Manuscript selection and data extraction Overall search results and manuscript selection have been described elsewhere [11] . In brief, citations identified from these searches were reviewed independently by two of us (LHK, EVB) for relevance. For citations that appeared relevant, the full paper was retrieved, reviewed, and classified as ''included'' or ''excluded.'' Of the 285 papers identified evaluating some aspect of nutrition, diet, physical activity, and endometrial cancer, 28 mentioned animal foods (i.e., meat, poultry, fish, eggs, or dairy products), all written in English. Through monitoring the endometrial cancer literature in 2006 using PubMed Alerts nine additional papers were identified that evaluated nutrition, diet, or physical activity and endometrial risk; one of these evaluated animal products and was added to this review.
For this manuscript, we decided a priori to exclude ecological [12, 13] and cross-sectional studies (none found). We also excluded publications that reported mean intakes for animal foods but did not present risk estimates [8, [14] [15] [16] or other studies that did not collect information at the individual level [17] . Two additional publications [18, 19] from the same case-control study were also excluded because insufficient information was provided on the methodology used (e.g., ascertainment of cases and controls, dietary assessment method used). Furthermore, this study [18, 19] evaluated only fried meat and cooked meat and showed only crude risk estimates. The remaining 22 papers, from three cohort studies and 16 case-control studies, were included in this systematic literature review. Two manuscripts from Terry et al. were from the same case-control study in Sweden, but both were included because one presented results on meat and dairy products [20] and the other on fish intake [21] . Three other manuscripts were from the same on-going hospital-based case-control study in Italy [22] [23] [24] , but again the three were included because they evaluated different exposures. Studies included in the review are listed in Table 1 .
Data were extracted on study characteristics and results using an AccessÒ program developed by Leeds University under WCRF sponsorship. Data extraction was conducted by trained research staff and reviewed by at least one of us.
Statistical analysis
We followed WCRF criteria to decide when to conduct meta-analysis. For a given exposure, meta-analyses were conducted if there were at least two randomized clinical trials, at least two cohort studies, and/or at least five casecontrol studies evaluating that exposure. Meta-analyses were conducted separately by study design. Since there were only a few studies evaluating any particular animal foods exposure, we had limited ability to assess publication bias through funnel plots, or to conduct sensitivity analyses and meta-regression.
For total meat, red meat, poultry, fish, dairy products, and eggs there was a sufficient number of studies to conduct meta-analyses. Most of the studies categorized relevant variables into four or five groups, and reported odds ratios for each category relative to the lowest exposure category. A few studies reported parameter estimates from a continuous logistic regression analysis. To compare these studies, it was necessary to convert the grouped results into what would have resulted from continuous logistic regression analysis, had those been reported.
In order to conduct dose-response meta-analyses, we transformed exposure levels into a common scale. Studies reported consumption in qualitative scales (such as low, medium, and high), or in servings, g, or times per month, week, or day. We transformed the quantitative exposure units into g/day by assuming, when exposure was reported as frequency of consumption, that a ''serving'' or ''time'' corresponded to 100 g consumption. For studies not reporting confidence intervals, these were estimated based on the number of cases and controls in each category of exposure [25] .
For studies reporting only categorical analyses, an estimate of mean intake for each category was computed following the methodology developed by Chêne and Thompson [26] . The iterative method described in Greenland and Longnecker [27] was used to estimate a single logistic regression parameter per study. This method imputes expected numbers of cases and controls (or cases for a prospective study) based on the observed distributions and categorical relative risk, and computes the logistic regression slope parameter (which may be interpreted as the log relative risk) and standard error. Finally, we estimated fixed-and random-effects pooled logistic regression coefficients across studies. We used the random-effects models in forest plots and for interpretation of the evidence, since it uses a combination of the ''within study'' variance and the ''between study'' variance for computing weights. The Chêne and Thompson [26] and Greenland and Longnecker [27] algorithms described above were implemented in the statistical language R (R Development Core Team, 2003) . Fixed-and random-effects pooled estimates and forest plots were produced using the ''metan'' package (version 1.86) for STATA. Heterogeneity was assessed by conducting Q tests (i.e., testing for presence/absence of heterogeneity) and quantifying the degree of heterogeneity by estimating the I 2 index [28] .
Assessment of study quality and sensitivity analyses
For the purpose of this manuscript we decided not to grade individual papers according to a quality score for two reasons: (1) there is not a current widely accepted tool for quality assessment of epidemiologic studies, and (2) we had few papers evaluating separately each animal food variable. Instead, we decided to present all the evidence from the several case-control studies, and then repeated certain analyses excluding studies that did not meet certain a priori quality criteria. In the forest plots, excluded studies are marked and the specific reasons for exclusion are indicated in the footnotes. The a priori quality criteria were: (1) population-based studies, as the appropriateness of hospital controls in diet and cancer studies is controversial; (2) sample size of at least 200 cases for more optimal statistical power; (3) exclusion of hysterectomies from the control group; and (4) adjustment for important confounders such as total energy intake and body size.
Results
This systematic literature review included 22 manuscripts from three cohort studies and 16 case-control studies evaluating a variety of animal food exposures. The characteristics of these studies and the foods evaluated are listed in Table 1 . As shown in the table, these studies were conducted in several countries and varied considerably in the quality of dietary assessment, as well as in the evaluation of animal foods.
Animal foods combined
One cohort study [31] and two hospital-based case-control studies [38, 42] evaluated the risk associated with animal foods combined with little evidence of an association (data not shown).
Meat (type unspecified)
Studies evaluating meat consumption are listed in Table 2 . The Iowa Women's Health Study found no association [31] , whereas the other cohort study conducted in Finland [30] suggested increased risk associated with fried meat intake, but the confidence interval included the null value. In addition, we found nine casecontrol studies evaluating this association [9, 20, 22, 32, 33, [35] [36] [37] 43] . Of these, six suggested elevated risk [9, 20, 22, 33, 37, 43] , whereas in the other three studies, odds ratios for meat intake were one [32, 36] or below one [35] . It should be noted that the definition of meat varied substantially by study, as shown in the Appendix Table A . Furthermore, three of the studies [20, 22, 35] did not adjust for total energy intake. 
Meta-analysis
Out of the two cohort studies identified, only Zheng et al. [31] reported on total meat. However, it did not present cutpoints and, therefore, could not be included in doseresponse analyses. Of the nine case-control studies identified, eight were included in dose-response meta-analyses, shown in Fig. 1A . The study by Salazar-Martinez et al. [43] could not be included because it did not present cutpoints. There was high heterogeneity among studies (I 2 : 79.6%, p < 0.01) and some indication of an association with meat intake (random-effects pooled OR: 1.26; 95% CI: 1.03-1.54 per 100 g/day). High vs. low analyses, shown in Fig. 1B , included the nine case-control studies identified and also suggested elevated risk associated with meat consumption. These findings should be viewed with caution due to the high heterogeneity of both risk estimates and exposure definitions among studies. The one cohort study evaluating this association found little evidence of an association.
Dose-response and high vs. low meta-analyses were repeated excluding the studies that did not meet certain a priori quality criteria, but pooled risk estimates essentially did not change and heterogeneity remained high and significant (Fig. 1) .
Red meat
Case-control studies have generally supported an increased risk of endometrial cancer associated with red meat consumption (Table 3) . Of the seven case-control studies evaluating the association [9, 23, [32] [33] [34] [35] 37] , all but one [35] reported an OR greater than 1 comparing the highest to lowest category of intake. In contrast, the only cohort study evaluating this relationship provided little support for an association [31] . The cohort study [31] case-control study [23] did not adjust for BMI, and two studies [23, 35] did not control for total energy intake. Only three case-control studies have evaluated the association with specific types of red meat (i.e., beef and pork; data not shown). Both Goodman et al. [33] and Levi et al. [7] found elevated risk for pork and beef, whereas Hirose et al. [41] , in a hospital-based case-control study in Japan, did not find an association with either. Overall, the data are insufficient at the present time to warrant any conclusions regarding risk by type of red meat.
Meta-analysis
The seven case-control studies reporting risk estimates for total red meat were included in meta-analyses, shown in Fig. 2 . We were unable to derive a continuous RR for the cohort study because cutpoints were not provided. Continuous analyses indicated a 51% increase in endometrial cancer risk per 100 g/day of red meat consumption (random-effects pooled OR: 1.51; 95% CI: 1.19-1.93; I 2 : 44%; p for heterogeneity: 0.097). The magnitude of the association in high vs. low meta-analysis was similar (Fig. 2B) , with moderate heterogeneity among studies (p for heterogeneity: 0.97). When we excluded studies that did not meet our quality criteria, the pooled risk dose-response and high vs. low risk estimates became stronger ( Fig. 2A and B) .
Processed meat
The association with processed meat has been evaluated in only a few studies (data not shown). In the Iowa Women's Health Study [31] there was some indication of an increased risk with processed meat and fish intake (RR: 1.5, p for trend £ 0.05 for the highest tertile compared to the lowest). Three case-control studies evaluating this association found inconsistent results. Goodman et al. [33] suggested elevated risk, whereas there was little evidence of an association in the Western New York Diet Study [35] . An additional case-control study in Italy [7] examined risk associated with various individual processed meat products, and suggested an increased risk for raw ham, boiled ham, salami and sausages, and canned meat.
Liver and other meats
The risk associated with liver and organ meats have been evaluated in two case-control studies with conflicting results (data not shown). One study conducted in Italy and Switzerland [7] suggested elevated risk with liver consumption and with other meats (i.e., other than beef, pork, poultry, fish, liver, boiled ham, raw ham, canned meat, and salami and sausages) (OR: 1.83; confidence interval not presented). In contrast, a more recent study in China did not find an association with intake of organ meats [37] .
Poultry
Studies evaluating poultry consumption and endometrial cancer risk are shown in Table 4 . Zheng et al. [31] examined the association with poultry intake in the Iowa Women's Health Study and reported a modest increased risk comparing high to low intake (RR = 1.3, confidence interval not provided). As shown in Table 4 , the seven case-control studies [7, 9, 33-35, 37, 41 ] that reported on poultry or chicken have offered inconsistent results.
Meta-analysis
The seven case-control studies [7, 9, 33-35, 37, 41] and cohort study [31] identified were considered for metaanalyses. However, two of the case-control studies [7, 9] and the cohort study [31] could not be included in the dose-response analyses, shown in Fig. 3A , because exposure levels were not presented. There was high heterogeneity among case-control studies (p < 0.01) with an I 2 of 86.7% and a random-effects pooled OR of 1.03 (95% CI: 0.32-3.28) per 100 g/day of poultry intake. To be able to include the three additional studies without cutpoints, we conducted high vs. low analyses, shown in Fig. 3B . The summary OR was of similar magnitude (OR: 0.96; 95% CI: 0.72-1.29; I 2 : 75.2%). The cohort study did not present confidence limits, but we estimated them based on the distribution of cases and non-cases by exposure category. The RR for those in the highest tertile of poultry consumption compared to the lowest was 1.3 (estimated 95% CI: 0.94-1.80). We repeated analyses excluding selected studies that did not meet our quality criteria. Overall, there was substantial inconsistency and little evidence of an association with poultry consumption.
It should be noted that pooling the seven case-control studies may not be appropriate, as two of them examined only chicken and the other four ''poultry'' ( were not enough studies to separately evaluate overall poultry consumption and chicken consumption.
Fish (total)
One cohort study reported on the association of total seafood intake and endometrial cancer risk (Table 5 ). There was suggestion of an increased risk with high vs. low intake (RR = 1.4) with a p for trend of 0.05 (confidence limits not provided). We identified nine case-control studies reporting on fish intake, with conflicting results (Table 5) . Three studies, conducted in Sweden [21] , the U.S. [35] , and Italy [24] , provided some indication of an inverse association, while four studies conducted in China [9, 37] , Japan [41] , and Hawaii [33] reported increased risk associated with fish consumption. Odd ratios were close to the null in the other studies [7, 34] . The three studies that suggested an inverse association [21, 24, 35] did not adjust for total energy intake. Some studies have evaluated fish subtypes (data not shown). Shu et al. [9] evaluated ''other seafood'' (i.e., other than ''fresh fish'') and reported no association. Terry et al. [21] found that the inverse association found for total fish was much stronger for fatty fish (e.g., salmon, herring, mackerel), whereas lean fish (e.g., cod, flounder, shellfish) was unrelated to risk. The adjusted OR (although not adjusted for total energy intake) for those in the highest quartile of consumption (median: 2 servings/week) of fatty fish compared to the lowest (median: 0.2 servings/week) was 0.6 (95% CI: 0.5-0.8) with a significant test for trend (p = 0.0002). Xu et al. [37] reported elevated risk in the Shanghai case-control study for total fish, marine fish, fresh water fish, shrimp and crab, eel, and shellfish. ORs for the highest intake of these fish subtypes compared to the lowest ranged from 1.3 to 2.4 (none of the confidence intervals included one).
The suggestion of an increased risk in case-control studies conducted in China, Japan, and Hawaii, and decreased risk in other populations may indicate that different fish preparation methods or other population characteristics may play a role. This kind of information was not presented and therefore cannot be evaluated.
Meta-analysis
The available data only allowed meta-analyses for total fish. One cohort study [31] and one case-control study [7] could not be included in dose-response analyses because exposure levels were not presented. Also, the study by Hirose et al. [41] was not included because adjusted results were presented in only two categories of fish consumption. The remaining seven case-control studies were included in the dose-response analysis, Abbreviations: Q: quantile; T: tertile; cc: case-control presented in Fig. 4 . There was moderate to high heterogeneity among studies (I 2 : 83.7%, p-value < 0.01) and, overall, not much evidence of an association. The random-effects pooled OR was 1.04 (95% CI: 0.55, 1.98). Given the high heterogeneity and little support for an association, we decided not to pursue high vs. low analyses. We repeated analyses excluding selected studies that did not meet our quality criteria. After excluding the three studies that did not adjust for total energy intake, the pooled summary estimate became much stronger (OR: 1.88; 95% CI: 1.20-2.98) and heterogeneity among studies was no longer significant (Fig. 4 ).
Eggs
Only a few studies have evaluated egg consumption and endometrial cancer risk, with inconsistent results (Table 6 ). The Iowa Women's Health Study [31] suggested a possible increased risk, with a RR of 1.3 (no confidence limits presented) comparing high to low egg intake. Out of the five case-control studies reporting on this association [7, 9, 33, 37, 41] , three reported increased risk associated with higher levels of egg consumption [7, 9, 33] . The other two studies found little evidence of an association.
Meta-analysis
The one cohort study [31] and five case-control studies [7, 9, 33, 37, 41] identified were included in meta-analyses. However, because the cohort study [31] and one of the case-control studies [7] did not present exposure levels, we only conducted high vs. low meta-analyses, shown in Fig. 5 . Also, we estimated confidence intervals for the cohort study [31] and three of the case-control studies [7, 9, 33] so that they could be included in meta-analyses. Although there was some suggestion of an increased risk of endometrial cancer risk associated with egg consumption, given the data limitations, we decided not to conduct doseresponse analyses or sensitivity analyses.
Dairy products
Studies evaluating dairy products either as a group or specific dairy products (e.g., milk) have generally provided (Table 7) . Zheng et al. [31] examined the association between total dairy intake and endometrial cancer risk in the Iowa Women's Health Study and did not find an association. Eight case-control studies [20, 32, 33, 35, 36, 38, 42, 43] examined the association of dairy foods as a group, with inconsistent results. ORs of 1.2 were found in two of these studies [32, 42] , while three studies suggested an inverse association [33, 35, 43] and the remaining three studies [20, 36, 38] no association. All reported confidence intervals that included the null. The relationship with milk intake was evaluated in a cohort study and seven case-control studies (data not shown) and, overall, the results are inconsistent. The cohort study [29] , conducted in Norway, suggested elevated risk with milk consumption (age-adjusted RR: 2.16, no confidence limits reported; p for trend: 0.29; based on 11 cases of endometrial cancer). Seven casecontrol studies evaluated the association between milk consumption and endometrial cancer [7, 33, 34, 37, [39] [40] [41] . Five of them examined ''milk'' without specifying fat content; Goodman et al. [33] reported an OR of 0.8 (no confidence interval reported) for higher levels of milk consumption, while Levi et al. [7] reported an elevated OR (1.62, no confidence intervals shown). The other three found little indication of an association [34, 37, 41] . Confidence intervals were presented for only three of these estimates and they included one. Another hospital-based case-control study evaluated the separate roles of daily consumption of whole milk, 2% milk, and skim milk, compared to none [39] . An increased risk was reported only for whole milk, with an OR of 1.5 (95% CI: 1.0, 2.4). No association was found with the other two types of milk. In contrast, another case-control study [40] suggested a decreased endometrial cancer risk for those who reported consuming skim milk once a month or more often, compared to those consuming it less frequently (OR: 0.6, 95% CI: 0.3,1.0).
Studies evaluating the role of other dairy products offered conflicting results (data not shown). Cheese was evaluated in four case-control studies, with the two conducted in the U.S. suggesting an inverse relationship [33, 40] , a study conducted in Italy and Switzerland suggesting a positive association [7] , and the fourth, conducted in Canada [34] , finding no association. One study conducted in the U.S. [40] , also reported that consuming sour cream and yogurt at least once a month was associated with decreased endometrial cancer risk, with OR's of 0.4 and 0.3, respectively. Both CIs did not include one. Butter was evaluated in two case-control studies. Levi et al. [7] found elevated risk for those in the highest tertile of butter consumption compared to the lowest (OR: 3.29, no confidence limits reported). In contrast, Goodman et al. [33] suggested decreased risk (OR: 0.8, no confidence limits reported).
Meta-analysis
The data available on dairy products allowed meta-analysis only on total dairy product consumption. Although, as previously mentioned, there were five studies evaluating milk consumption, given the heterogeneous results and the fact that two of them only presented a qualitative assessment (i.e., ''ever/never'' or ''daily vs. occasional use'') we decided not to pursue a meta-analysis of milk. For total dairy products, we identified one cohort study [31] and eight case-control studies [20, 32, 33, 35, 36, 38, 42, 43] . However, the cohort study [31] and one of the case-control studies [43] could not be included in doseresponse analyses because exposure levels were not presented. Dose-response analyses for dairy products are presented in Fig. 6 . There was no evidence of heterogeneity among studies (I 2 : 0.0%, p-value: 0.562), with a random-effects pooled OR of 0.97 per serving/day of dairy product (95% CI: 0.93, 1.01). The excluded cohort study also failed to find an association. We did not repeat 
analyses excluding studies not meeting our quality criteria because the remaining studies (indicated in Fig. 6 with solid squares for the point estimates) clearly did not show an association.
Discussion
This systematic literature review and meta-analysis, including 22 manuscripts from three cohort studies and 16 case-control studies evaluating several animal foods, suggested an increased endometrial cancer risk with meat consumption, particularly with red meat. Women in the highest category of meat or red meat consumption had a 39% and 48%, respectively, higher endometrial cancer risk, compared to the lowest category of consumption. Doseresponse analyses indicated a 26% increase in risk per 100 g/day of meat intake (95 % CI: 1.03-1.54), based on eight case-control studies and a 51% increase in risk per 100 g/day of red meat intake (95% CI: 1.19-1.93), based on seven case-control studies. These findings should be viewed with caution, given the high and significant heterogeneity among studies and because the only cohort study, the Iowa Women's Health Study, [31] evaluating the association with meat and red meat intake found no association. However, it should be pointed out that analyses from this cohort also failed to find an association between red meat and colorectal cancer, which has generally been supported by other cohort studies [5] . The current epidemiologic literature does not support an association between dairy products and endometrial cancer. The evidence for poultry, fish, and eggs is limited and inconsistent. As for red meat, more studies, particularly cohort studies, are needed. To our knowledge, this is the first comprehensive systematic literature review and meta-analysis evaluating the evidence for animal products and endometrial cancer risk. A narrative review of the literature of diet and endometrial cancer was included in the 1997 WCRF/AICR Report [4] . Meat consumption was not mentioned in this report. The evidence for fish consumption was found to be inconsistent and insufficient, based on three studies [7] [8] [9] . We excluded one of these studies [8] because it did not show risk estimates, only a comparison of mean fish intake in cases and controls. We identified one cohort [31] and nine casecontrol studies [7, 9, 21, 24, 33-35, 37, 41] reporting on fish and found little evidence of an association. However, when we excluded the studies that did not adjust for total energy intake, there was an indication of an increased risk associated with fish consumption. Three case-control studies [7] [8] [9] reporting on eggs were mentioned in the 1997 WCRF/AICR report, but again, the evidence was deemed insufficient. We identified one cohort [31] and five case-control studies [7, 9, 33, 37, 41] reporting on eggs, which, overall, provided inconsistent results. More studies are needed to make any conclusions regarding egg consumption and risk. Dairy products were not mentioned in the 1997 WCRF/AICR report. We found one cohort study [31] and eight case-control studies [20, 32, 33, 35, 36, 38, 42, 43] , and little support for a role of dairy food consumption on endometrial cancer risk.
There is a growing body of evidence linking red meat with certain cancers, particularly colorectal cancer [44] . Several mechanisms have been proposed for a carcinogenic effect of red meat. It is known that the processing and preparation of meat may result in the generation of carcinogenic n-nitroso compounds and heterocylic amines [45] . High red meat intake may result in higher pro-oxidant load from consumption of readily absorbed heme iron, resulting in greater oxidative stress and potential for DNA damage [46, 47] .
It has been postulated that higher meat consumption may also increase cancer risk because it may be associated with generally unhealthier dietary patterns, for example, lower fruit and vegetable and higher fat intakes. Its relatively high concentration of food energy may also be associated with higher total energy intake and higher body mass. Most of the studies took body mass index and total energy intake, but not all of them did. This should be kept in mind in both the interpretation of the current evidence and in the planning of future studies evaluating the role of meat intake on endometrial cancer risk.
Animal foods are also known to contain estradiol and its metabolites in various concentrations depending on several factors, including type of food, species, gender, physiological stage, and age [6] . In addition, the administration of exogenous sex steroids for growth promotion in meatproducing animals has been a common agricultural practice in the United States for decades [48] . However, the use of hormonal drugs in animal meat production is highly controversial, scientifically and politically. While most beef cattle in the US receive exogenous sex steroids, their use and import of meat from such animals is banned by the European Union [49] . The European Commission's Scientific Committee on Veterinary Measures relating to Public Health stated that estradiol 17ß is a likely complete carcinogen, both initiating and promoting carcinogenesis, as partial justification of this ban [50] . Unfortunately, the literature on red meat intake and endometrial cancer does not provide much insight into whether this is an important reason for the observed association, as we identified only one study conducted in Europe [23] that examined this association.
Concerns have also been raised regarding cow's milk as an important source of food estrogens [13, 51] ; although sex hormone treatments are not used in dairy animals in the United States [48] , milk today is produced from pregnant cows [13] . Interestingly, we did not find much evidence for a relationship between dairy product consumption and endometrial cancer. Fish may also contain environmental pollutants including endocrine-disrupting chemicals with estrogenic activity, such as organochlorines residues or polychlorinated biphenyls (PCBs) [37] .
A limitation of the current body of literature is the lack of a clear definition of what foods should be included in the meat group. As shown in the Appendix Table A , some studies have included composite meals, such as stews, which may contain vegetables and counteract the potential detrimental effect of meat. Fish was included in the meat group in some studies but not in others. In many studies what was included in the meat group was not specified. Clearly, future studies should aim toward more standardized definitions of meat, red meat, and other food groups.
Our meta-analyses were limited by the relatively small number of studies examining a given exposure, which precluded the evaluation of publication bias, or the conduct of more sophisticated sensitivity analyses and meta-regression to ascertain possible causes of heterogeneity among studies. However, our systematic review and meta-analyses point to general trends in the data and underscore the need for additional population-based studies, and particularly prospective cohort studies, evaluating the relationship between animal product consumption and endometrial cancer risk.
In summary, the current epidemiologic literature, although limited, points to an increased endometrial cancer risk associated with meat and red meat intake. Since the current evidence is based mostly on case-control data, which may be more prone to selection and recall bias, no firm conclusions can be drawn at the present time. We encourage the evaluation of the role of red meat and other animal foods such as fish or eggs on endometrial cancer risk in cohort studies. Such analyses should control for the effects of body mass index and total energy intake, as well as other well-known risk factors for the disease. Although the most definitive nutrition-related factor to target to reduce endometrial cancer risk is obesity prevention, understanding the role of individual dietary factors may provide etiologic clues and additional strategies to prevent this disease. Hamburger, beef burrito, meatloaf, 
